This paper describes the results of soil surveys conducted to determine the carbon sequestration rate, primarily of the soil, which is one of the categories of revegetation related information to be reported under the Kyoto Protocol. First, the background of the surveys is described, and the framework for further study on soil organic carbon sequestration rates is described for urban parks. Then, based on the results of a 125− sample survey from urban parks around Tokyo that were established in different years, the likelihood of whether urban park soils are carbon dioxide sinks is verified. Finally, the carbon accumulation rate 20 years after park establishment was about 1.20 MgC ha year.
Introduction
As part of its ongoing efforts to curb global warming, the Japanese government selected revegetation as one of the activities to be carried out under Article 3, Paragraph 4 of the Kyoto Protocol during the first commitment period (2008 to 2012) . Every year, the government has reported its progress to the secretariat of the United Nations Framework Convention on Climate Change. The term revegetation refers to any activity directed at creating a park, public green space or a privately owned green space that the government can guarantee will be maintained in an area developed in or after 1990.
The carbon sequestration rate is supposed to be calculated by the method specified in the Intergovernmental Panel on Climate Change (IPCC) Good Practice Guidance for Land Use, Land−Use Change and Forestry (2003) (GPG− LULUCF) and reported. The categories of information to be reported concerning revegetation are as follows: (1) five carbon pools (above−ground biomass, below−ground biomass, soils, litter fallen leaves, fallen branches , and dead wood), (2) carbon emissions from agricultural lime application, and (3) carbon emissions due to burning biomass. Default conditions using values for living biomass have been specified. Basically, they are to be applied to revegetated areas where the average age of trees is 20 years. For revegetated areas where the average age of trees is 20 years, carbon absorption and emission are considered to be in equilibrium (inventory 0).
However, the GPG−LULUCF only lists default values for living biomass carbon pools in category (1) above. It does not provide any default values or methodologies for other carbon pools, such as soils and soil litter. Countries that choose to carry out revegetation need to determine the fac-
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Concerning carbon accumulation in soils in urban green spaces, Matsui et al . (2005) reported that the soil carbon accumulation rate in man−made forests is 0.44 to 1.33 MgC ha yr. Takahashi et al . (2008) reported that the carbon accumulation rate of urban park soils is comparable to, or higher than, that associated with trees in parks (55 MgC ha yr). By a landslide cycle method, Maesako et al . (2003) estimated that the soil carbon accumulation rate in revegetated areas in shirasu (pumice deposits) soil regions is about 43.6 to 62.6 gC m 2 yr. However, these cases do not agree with the definition of revegetation in Japan based on the GPG−LU-LUCF framework, and studies clarifying the carbon accumulation rates in the revegetated areas of urban parks have not yet been conducted.
Therefore, in this study, soil carbon content was measured in urban parks that had relatively reliable historical management data in order to determine whether soils in revegetated areas function as carbon sinks. From these data, we estimate the carbon accumulation rate over 20 years since establishment of the park. Figure 1 shows the steps in this study.
Study Method
(1) Survey areas According to Shidei & Tsutsumi (1962) , soil carbon accumulation is affected by factors such as geological and climatic conditions. How a green space is used and managed varies considerably depending on the type of green space. In order to elucidate the effect of land use over time, it is necessary to minimize the effects of geological and climatic conditions as far as possible. As a result, this study focused only on urban parks located in Tokyo.
The parks to be studied were selected based on criteria such as the existence of plural areas that were established in different years and had different land cover conditions, except for a forest (woodland) conserved before park establishment, as well as the availability of basic data such as park history. By applying these criteria, metropolitan parks (9 parks), a national government park (1 park) and key community parks under the jurisdiction of Edogawa Ward, Minato Ward, Koto Ward, Fuchu City, Chofu City and Hachioji City (38 parks) were selected.
Land cover was classified into lawn, planted tall woodland (with or without litter), and bare ground, and carbon content surveys were conducted at locations where vegetation and ground surface conditions were considered to be representative. Table 1 shows the land cover breakdown at the sur- vey locations, and Table 2 shows the characteristics of the different types of land cover. Since the purpose of the soil surveys was to clarify soil carbon dynamics after park establishment, collecting information on geological types, soil types and pre−establishment history at the survey locations is important. Table 3 and Table 4 summarize information on the main urban parks where the lawn and planted tall woodland soil surveys were conducted.
(2) Survey method The soil surveys were conducted on three occasions: 2007, 2008 and 2010. Based on simple surveys by using a soil auger, soil sampling points were selected in areas with different land−cover categories, namely, lawn, planted tall woodland, and bare ground. Table 5 shows the main survey items and whether they were checked each year.
As the first step, areas measuring 2−3 m 2 were defined as shown in Figure 2 . At four sites considered to be typical with regard to topography, we removed fresh litter and collected soil samples. Using a stainless steel 100 l (bottom area 20 cm 2 , height 5 cm) sampling tube and a supplemental soil sampler (DIK−1815, Daiki Rika Kogyo Co., Ltd., Japan), min- eral soil samples were collected from depths of 0−10 cm, 10− 20 cm and 20−30 cm in order to measure bulk density at one point in each location, and to measure the organic carbon concentration at three points in each location. The samples for measuring the organic carbon concentration at each depth and location were thoroughly mixed. The soil samples were air−dried (30 to 40 C) and passed through a 2−mm sieve to remove gravel and roots. Then, inorganic carbon in the soil sample was removed by hydrochloric acid treatment, and the organic matter in the soil samples were measured using a dry combustion elemental analyzer (vario MAX CN; Elementar Analysensysteme GmbH., Germany). The bulk density was measured by the analysis method specified in Japanese Industrial Standards (JIS) A 1202, and the gravel percentage was defined as the percentage (by weight) of 2 mm gravel in air−dried soil. The portion of gravel left after subtracting the gravel from air−dried soil was regarded as fine soil. The fine soil content per unit area (ha) and thickness (0.1 m) was determined from the bulk density and the gravel percentage. The carbon content per unit area and thickness was determined from the fine soil content and organic carbon concentration as follows:
Fine soil content (Mg ha 10 cm thickness)
Bulk density (Mg m 3 ) (100 Gravel percentage) 100) Thickness (10 cm 0.1 m) 1 ha ( 10,000 m 2 )
Carbon content by depth (MgC ha 10 cm thickness) Fine soil content (Mg ha 10 cm thickness) Organic carbon concentration ( ) 100 The carbon content at each survey point was calculated by summing the carbon contents at depths of 0−30 cm.
To estimate the relative percentage of different types of land cover in urban parks, the area of each type of land cover in a total of 98 parks consisting of 63 prefectural parks and 35 key community parks in the cities of Kamakura and Hiroshima was calculated on the basis of existing data and planting plans. As a next step, the areas of land with different types of land cover were totaled for different types of parks Soil sampling method such as key community parks, key urban parks, large parks and green buffer zones.
(3) Statistical Analysis An analysis of variance (ANOVA) was used to compare the two groups. Since the two groups were significantly different, a suitable t−test method (Student t−test or Welch t− test) was selected. Tukey s HSD Test was used to compare three or more groups, with p 0.05 taken to indicate significant difference. We used Excel 2003 (Microsoft, Redmond, WA) and js−STAR 2012 (Tanaka and Nappa 2012) to perform the statistical analysis.
Results and Discussion
(1) Bulk density and gravel percentage as a function of land cover Since cutting and filling work was carried out when establishing the parks examined in this study, we assumed that the soil characteristics in the parks were initially almost uniform. As time passes, however, the soil structure changes because of land cover.
Multiple comparisons performed by the HSD method revealed that the average values at depths of 20−30 cm in areas of lawn were significantly greater than those at depths of 0− 10 cm in planted tall woodland areas. The differences between the average values in the other combinations, however, were not significant ( Table 6 ). It is therefore assumed that the bulk density and gravel percentage are uniform and are not affected by the type of vegetation or soil depth.
(2) Organic carbon concentration as a function of land cover and soil depth Table 7 shows the organic carbon concentration in planted tall woodlands as a function of litter removal and soil depth. The results of an analysis of variance indicated no significant differences between different types of litter removal. Table 8 shows the organic carbon concentration by land cover and soil depth. The average values of the organic carbon concentration for different land cover types were as follows: planted tall woodland lawn bare ground. With all types of land cover, the organic carbon concentration tended to be high at 0−10 cm. The standard deviations were as follows: planted tall woodland lawn bare ground. Comparison of the organic carbon concentrations in the planted tall woodland areas revealed that values at 20−30 cm tended to be larger than the values at 10−20 cm. We confirmed also by trial pit surveys (simple surveys). This is thought to be due to the initial carbon concentration resulting from the cutting and filling during site preparation when a park is established.
(3) Organic carbon concentration of soil as a function of time after establishment Figure 3 shows the relationship between the number of years after park establishment and the mean organic carbon concentrations (0−30 cm) for different types of land cover. The organic carbon concentrations in the lawn and planted tallwoodland areas tended to be higher than those in the bare ground areas, but the data for both planted tall woodland and lawn vary widely. Regression analyses of the relationship between the organic carbon concentration and the years after lawn establishment were performed in planted tall woodland stands and bare ground, but no significant relationship was observed. It appeared that the changes in organic carbon concentration were not clear because these values varied among the parks even though the study sites had been selected carefully. As an example, Figure 4 shows the relationship between the organic carbon concentrations and the years after park establishment for a few parks including Koganei Park. Examination of the data obtained for individual parks revealed that in many parks, the carbon concentration increased over time.
According to the GPG−LULUCF framework, for trees aged 20 years, carbon sequestration and emission was considered to be in equilibrium (net difference between emissions and absorption 0). Changes in organic carbon concentration, therefore, were examined by classifying the years after establishment into the groups 20 years and 20 years. Table 9 shows the organic carbon concentra-tions (0−30 cm) for different years after establishment and land cover types. The organic carbon concentrations at 0−30 cm in the planted high woodland areasshowed significant differences between the two groups, while the results obtained for the lawn and bare ground areas did not show any significant differences.
These results suggest that in the lawn areas, the organic carbon concentration levels are almost constant after the park has been established for 20 to 35 years, while in the planted tall woodland areas, the organic carbon concentration continues to increase even after 20 years. No changes in the organic carbon concentration are considered to have occurred over time in the areas of bare ground. (4) Organic carbon concentration in areas of lawn and planted tall woodland areas Examination of the organic carbon concentrations for the different types of land cover revealed that, as mentioned in Section 3 (1), statistically significant differences were observed between the lawn and planted tall woodland areas and the areas of bare ground, and that soil acts as a carbon sink in the revegetation process.
Almost all of the organic carbon in the soils is derived from roots and litter. In addition, carbon concentrations increased in the years following park establishment. We therefore estimated the annual carbon flux of soil for the 20 years after park establishment based on differences in average organic carbon concentrations relative to land cover types and the years after park establishment (Table 9 ).
More specifically, as shown in Table 10 , the annual rate of change (d) was calculated by determining the difference (c) between the average organic carbon concentration of the vegetated land (a) and the average organic carbon concentration of the bare ground (b) within 20 years after park establishment calculated as shown in Table 9 , dividing by the average post−establishment period (n) of the vegetated land. For the average organic carbon concentration of the bare ground (b), the overall average was used because data on changes over time were not available.
The annual rate of change was 0.116 yr for lawn areas and 0.065 yr for planted tall woodland within 20 years af- : significant different between 20 years and 20 years after park establishment, n.s.: no significant different between them. ter park establishment. These findings implied that the annual rate of change in lawn areas tended to be higher. (5) Integration of the annual rates of change in the organic carbon concentration relative to the area percentage among different land cover types To calculate the national averages of the area percentage among different land cover types, weighted averages were calculated according to the percentage among different types of park obtained from the urban park survey conducted at the end of the 2005 fiscal year (Table 11) . Table 12 shows the national average of the annual rate of change in the organic carbon concentration obtained by integrating the organic carbon concentrations of different types of land cover according to the area percentage among the different land cover types. (6) Conversion from organic carbon concentration to carbon content The organic carbon accumulation rate per hectare of land (MgC ha yr) at a soil depth of 30 cm was calculated by using the average bulk density and the average gravel percentage in the lawn and planted tall woodland areas.
From Table 13 , the rate of organic carbon accumulation in soil per unit area in an urban park is estimated, assuming an average year after establishment of 20 years, to be 1.20 MgC ha yr. Tsutsumi et al . (1989) and Maesako et al . (2003) report that the carbon accumulation rate was higher during the initial stage of the soil formation process. Matsui et al . 2 reported that the soil carbon accumulation rate in man−made green spaces is 0.44 to 1.33 MgC ha. According to a report by Takahashi et al ., 3 the average carbon content in 19 parks in Tokyo was 82.1 37.4 MgC ha in lawn areas and 78.9 32.8 MgC ha in planted tall woodland areas. Since the average carbon content in bare ground areas is 40.1 28.3 MgC ha and the average number of years after establishment is about 26 years, the average rate of carbon accumulation was estimated from the average number of years after park establishment and the differences in carbon content between bare ground and planted areas. Thus, it is estimated that about 1.49 to 1.62 MgC ha of carbon is accumulated in urban parks each year. From these data, it is considered that the results obtained in this study for carbon accumulation during the first 20 years after urban park establishment are fairly accurate. Otsuka (2012) reported that the soil carbon accumulation rate in Takayama Forest was 0.8 MgC ha yr and Dhital et al . (2010) reported that the soil carbon accumulation rate in Zoysia japonica grasslands in central Japan was 0 017−0.223 MgC ha yr. In addition, the soil carbon accumulation rate in urban parks is relatively large.
Conclusion
This study showed that the carbon content of soil in areas of lawn and planted tall woodland in urban parks increases over time, that these areas are carbon sinks, and that the carbon accumulation rate over the first 20 years after urban park establishment was approximately 1.20 MgC ha yr. Further investigations need to be conducted as planting density and tree species characteristics in planted tall woodland areas were not considered. In addition, aspects such as the carbon accumulation rate in lawn areas during the first 20 years after park establishment, and the influence of climate and geological zoning need to be considered in the future. Further, the issue of how physical soil properties affect the soil carbon accumulation rates needs to be investigated, because the bulk density and soil particle density both affect the penetration of organic material into the soil, its adsorption by the soil, and the resolution and mineralization properties.
